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TRANSMITTAL LETTER TO THE UNITED STAT^/)?ad£^>!^ ATTORNEYS DOCKET NUMBER 50505 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

CONCERNING A FILING UNDER 35 U.S.C. 371 U.S. APPLICATION NO. (If known, see 37 CFR 1 .5) 

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED 
PCT/EPOO/07199 26 July 2000 26 July 1999 

TITLE OF INVENTION: CONTINUOUS PREPARATION OF METHYL FORMATE 

APPUCANT(S) FOR DO/EO/US Heinz AUER. Juergen DAHLHAUS, Karl FISCHER, Hans HAMMER, Jochen KELLENBENZ. 

Michael SCHULZ. Joachim THIEL. Maximilian VICARI 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following 
Items and other Information: 

1 . /X/ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. / / This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. /XI This express request to begin national nomination procedures (35 U.S.C.371 (f)) at any time rather than delay examination until 

the expiration of the applicable time limit set in 35 U.S.C. 371 (b) and PCT Articles 22 and 39(1). 

4. Ac / A proper Demand for International Preliminary Examination was made by the 19lh month from the earliest claimed priority date. 

5. /X/ A copy of the International Application as filed (35 U.S.C. 371 (c)(2)). 

a. /X/ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. / / has been transmitted by the International Bureau. 

cJ/ Is not required, as the application was filed in the United States Receiving Office (RO/USO). 
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Uj 6. /X/ A translation of the International Application Into English (35 U.S.C. 371 (c)(2)). 

'Ql 

T.fX I Amendments to the claims of the International Application under PCT Article 1 9 (35 U.S.C. 371 (c)(3)). 

H ^ ^ transmitted herewith (required only if not transmitted by the International Bureau). 

1=^^ b./ / have been transmitted by the International Bureau. 

c. / / have not been made; however, the time limit for making such amendments has NOT expired. 

d. // have not been made and will not be made. 

p 8. / X / A translation of the amendments to the claims under PCT Article 1 9(35 U.S.C. 371 (c)(3)). 
' 9. / x / An oath or declaration of the inventor(s)(35 U.S.C. 1 71 (c)(4)). 

^0J/ A translation of the annexes to the Intemational Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371 {c)(5)). 

Items 1 1 . to 1 6. below concern other document(s) or information included: 

1 1 ./X / An Infomiation Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

12. / X / An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 Is Included. 

1 3. /ic / A FIRST preliminary amendment. 

/ / A SECOND or SUBSEQUENT preliminary amendment. 

14. // A substitute specification. 

15. // A change of power of attorney and/or address letter. 

1 6Jx I Other items or Information. 

International Search Report 

International Preliminary Examination Report 
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U.S. Appln. No. (If Known) INTERNATIONAL APPLN. NO. ATTORNEYS DOCKET NO. 

PCT/EPOO/ 07199 50505 

17. /X/ The following fees are submitted CALCULATIONS PTC USE ONLY ' 

BASIC NATIONAL FEE (37 CFR 1 .482(a)(1 H5)): 
Search Report has been prepared by the 

EPO or JPO $890.00 890.00 

International preliminary examination fee paid to USPTO 
(37 CFR 1.482) $710.00 

No International preliminary examination fee paid to 
USPTO (37 CFR 1.482) but international search fee paid 
to USPTO (37 CFR 1.445(a)(2)) $740.00 

Neither international preliminary examination fee 
(37 CFR 1 .482) nor International search fee 
(37 CFR 1 .445(a)(2)) paid to USPTO $ 1 ,040.00 

International preliminary examination fee paid to 
USPTO (37 CFR 1 .482) and ail claims satisfied pro 
-visions of PCT Article 33(2)-(4) $1 00.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = $ 890.00 



¥: _ 

O Surcharge of $1 30.00 for furnishing the oath or declaration 

Q later than / / 20 / /30 months from the earliest 

j^; I claimed priority date (37 CFR 1 .492(e)). 

p Claims Number Filed Number Extra Rate 

Total Claims 9 -20 X$18. 

Ji; lndep,Claims 1 -3 X$84. 

IJI iVIultipie dependent c!a!m(s)(lf applicable) +280. 



TOTAL OF ABOVE CALCULATION = 890. 



Reduction of 1/2 for filing by small entity, if applicable. 
Verified Small Entity statement must also be filed 
(Note 37 CFR 1 .9. 1 .27, 1 .28). 



H SUBTOTAL 



Processing fee of $130. for furnishing the English 
translation later than / /20 / /30 months from the 
earliest claimed priority date (37 CFR 1 .492(f)) 



TOTAL NATIONAL FEE = 890. 

Fee for recording the enclosed assignment (37 CFR 1 .21 (h)). 
The assignment must be accompanied by an appropriate cover 
sheet (37 CFR 3.28. 3.31 ) $40.00 per property = 40. 



TOTAL FEES ENCLOSED = $ 930.00 

Amount to be 
refunded: $ 



Charged $ 



a. /X/ A check in the amount of $ 930.0 0 to cover the above fees is enclosed. 

b. / / Please charge my Deposit Account No. In the amount of $ to cover the above fees. A duplicate copy of this sheet 

is enclosed. 

C./X/ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit 
Account No. 11-0345 . A duplicate copy of this sheetis enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1 .494 or 1 ,495 has not been met, a petition to revive (37 CFR 1 .1 37(a) or (b) must 
be filed and granted to restore the application to pending status. 
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1 1 01 Connecticut Ave., N.W. Herbert B. Keil 

Washington, D. C. 20036 NAIVIE 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

AUER et al. ) BOX PCT 

International Application 
PCT/EP 00/07199 

Filed: July 26, 2000 



For: CONTINUOUS PREPARATION OF METHYL FORMATE 
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PRELIMINARY AMENDMENT 

Honorable Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 
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Prior to examination, kindly amend the above-identified application as follows: 
IN THE CLAIMS 

Kindly amend tine claims as shown on the attached sheets. 

REMARKS 

The claims were amended in the preliminary examination. The claims have been 
amended furtiier to eliminate multiple dependency and to put tiie claims in better form for U.S. 
filing. No new matter is included. 

A clean copy of the claims is attached. 

Favorable action is solicited. 

Respertfully submitted, 
KEIL&WEINKAUF 



Herbert B. Keil 
Reg. No. 18,967 



1101 Connecticut Ave., N.W. 
Washington, D.C. 20036 

(202)659-0100 



MARKED VERSION OF AMENDED CLAIMS - OZ 50505 

3. A process as claimed In claim 1 [claims 1 and 2], wherein steam and/or hot water 
and, if desired, additional heat are fed to the discharged part TA of the liquid phase 
remaining after separating off the methyl fonnate, consisting essentially of methanol 
containing catalyst and catalyst degradation products, in the desalting apparatus in 
such amounts that the methanol is essentially completely vaporized and an aqueous 
solution of the catalyst degradation products is obtained. 

4. A process as claimed in claim 1 [claims 1 to 3], wherein the desalting apparatus 
is operated as an integrated heat system with the distillation apparatus and the 
methanol vapor leaving the top of the desalting apparatus is fed to the distillation 
apparatus. 

7. A plant as claimed in claim 5 [claims 5, 6 or 7], wherein the desalting apparatus 
B3 consists essentially of a rectification column which can be heated or cooled in 
zones if necessary, may be provided with separation plates and is equipped in suitable 
positions with feed lines for methanol containing residual catalyst and catalyst 
degradation products and for hot water and/or steam, outlet lines for taking off distillate 
at the top and water containing catalyst degradation products from the bottom, and 
whose separation efficiency is sufficient to take off methanol containing less than 100 
ppm, preferably less than 30 ppm, in particular from about 5 to 15 ppm, of water at the 
top. 

8. A desalting apparatus consisting essentially of 

1 ) a rectification column which can be heated or cooled in zones if necessary, 
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and optionally [maybe] may be proyided with separation plates whose separation 

efficiency is sufficient to take off methanol containing less than 1 00 ppm of water at the 

top. 

2) a feed line [which is equipped] mounted in a suitable position [positions with a 
feed line] for methanol containing residual catalyst and catalyst degradation 
products, 

3) [which is equipped with] a feed line mounted in a suitable position, for hot 
water and/or steam, [and] 

4) outlet lines for taking off distillate at the top and water containing catalyst 
degradation products from the bottom. 



CLEAN VERSION OF AMENDED CLAIMS - OZ 50505 

3. A process as claimed in claim 1 , wherein steam and/or hot water and, if desired, 
additional heat are fed to the discharged part TA of the liquid phase remaining after 
separating off the methyl fomiate, consisting essentially of methanol containing catalyst 
and catalyst degradation products, in the desalting apparatus in such amounts that the 
methanol is essentially completely vaporized and an aqueous solution of the catalyst 
degradation products is obtained. 

4. A process as claimed in claim 1 , wherein the desalting apparatus is operated as 
an integrated heat system with the distillation apparatus and the methanol vapor 
leaving the top of the desalting apparatus is fed to the distillation apparatus. 

7. A plant as claimed in claim 5, wherein the desalting apparatus B3 consists 
essentially of a rectification column which can be heated or cooled in zones if 
necessary, may be provided with separation plates and is equipped in suitable 
positions with feed lines for methanol containing residual catalyst and catalyst 
degradation products and for hot water and/or steam, outlet lines for taking off distillate 
at the top and water containing catalyst degradation products from the bottom, and 
whose separation efficiency is sufficient to take off methanol containing less than 100 
ppm, preferably less than 30 ppm, in particular from about 5 to 15 ppm, of water at the 
top. 

8. A desalting apparatus consisting essentially of 

1 ) a rectification column which can be heated or cooled in zones If necessary, 
and optionally may be provided with separation plates whose separation efficiency is 
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sufficient to take off methanol containing less than 100 ppm of water at the top, 

2) a feed linemounted in a suitable position for methanol containing residual 
catalyst and catalyst degradation products, 

3) a feed line mounted in a suitable position, for hot water and/or steam, 

4) outlet lines for taking off distillate at the top and water containing catalyst 
degradation products from the bottom. 



CLAIMS AS FILED - OZ 50505 

1 . A process for preparing methyl formate by reacting excess methanol with carbon 
monoxide under superatmospheric pressure and at elevated temperature in the 
presence of alkali metal methoxide or alkaline earth metal methoxide as catalyst in a 
pressure-rated reactor, separating the methyl fonnate formed from the reaction product 
and recirculating the liquid phase which is essentially free of methyl formate to the 
reactor, with part of the liquid phase to be recirculated being discharged and fresh 
catalyst solution being fed in, wherein 

the reaction is can-ied out in a cascade comprising at least two reactor elements 

at from 80 to 120°C, 

under a carbon monoxide pressure of from 90 to 1 80 bar, 

in the presence of from 0.05 to 0.5% by weight, based on the weight of the liquid 
feed, of an alkali metal alkoxide or alkaline earth metal alkoxide, 

the ratio of the amounts of starting materials fed in per unit time, the reaction 
temperature, the pressure and the residence time of the reactants in the reactor 
elements are set so that at least that amount of methanol required to keep both the 
catalyst used and its degradation products virtually completely dissolved under the 
reaction conditions in the reactor and in the fresh reaction product remains unreacted, 

the total output from the reactor is passed to a stripping apparatus in which 
essentially the methyl formate is stripped from the reaction mixture, 

a part TR of the remaining liquid phase is recirculated to the reactor and a part 
TA is discharged, with the TR:TA split controlled as a function of the alkali metal 
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formate or alkaline earth metal formate content of the degassed reaction product so 
that solid precipitates of alkali metal salts or alkaline earth metal salts occur at no point 
in the process, 

and residual catalyst and catalyst degradation products are removed solids-free 
from the discharged part in a desalting apparatus and the remaining methanol is 
returned directly or indirectly to the reactor. 

2. A process as claimed in claim 1 carried out using from 2 to 5 reactor elements. 

3. A process as claimed in claim 1 , wherein steam and/or hot water and, if desired, 
additional heat are fed to the disharged part TA of the liquid phase remaining after 
separating off the methyl formate, consisting essentially of methanol containing catalyst 
and catalyst degradation products, in the desalting apparatus in such amounts that the 
methanol is essentially completely vaporized and an aqueous solution of the catalyst 
degradation products is obtained. 

4. A process as claimed in claim 1 , \Arfierein the desalting apparatus is operated as 
an integrated heat system with the distillation apparatus and the methanol vapor 
leaving the top of the desalting apparatus is fed to the distillation apparatus. 

5. A plant for producing methyl fomiate by the process of claim 1 , comprising 
A) a synthesis group consisting essentially of 

A1) a reactor having at least two separately heatable and coolable reactor 
elements with feed lines for fresh methanol, recirculated catalyst-containing 
methanol for fresh methanolic catalyst solution and for a gas mixture comprising 
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carbon monoxide, at least one outlet line each for the reaction product and 

residual gas, devices for generating and maintaining a fine dispersion of the gas 

stream in the liquid stream, and instrumentation for monitoring temperature and 

pressure, 

A2) a depressurization apparatus provided with cooling elements for 
depressurizing the reaction product to the work-up pressure and provided with a 
feed line for the reaction product and outlet lines for residual gas and liquid 
phase, 

B) a work-up group consisting essentially of 

B1 ) a distillation apparatus for separating essentially methyl formate from the 
liquid phase of the reaction product provided with a feed line for the liquid phase 
and outlet lines for essentially methyl formate and for remaining catalyst- 
containing methanol, 

82) an adjustable stream divider for dividing the methanol stream containing 
residual catalyst and catalyst degradation products leaving the distillation 
apparatus into the substreams TR and TA, 

83) a desalting apparatus which may be provided with heating and cooling 
elements and operates in a solids-free manner, provided with inlets for methanol 
containing residual catalyst and catalyst degradation products and for hot water 
or steam and outlets for methanol vapor and for aqueous salt solution, 

C) connection lines and, if required, pumps for appropriate transport of reaction 
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participants and products between the elements of the plant sections A and B 

and feed lines for starting materials and outlet lines for methyl formate and waste 

gas. 

6. A plant as claimed in claim 5, wherein the distillation apparatus B1 used is a 
column whose separation efficiency is sufficient for methyl fomiate of the 
required purity to be taken off from the degassed reaction product via the top. 

7. A plant as claimed in claim 6, wherein the desalting apparatus 83 consists 
essentially of a rectification column which can be heated or cooled in zones if 
necessary, may be provided with separation plates and is equipped in suitable 
positions with feed lines for methanol containing residual catalyst and catalyst 
degradation products and for hot water and/or steam, outlet lines for taking off 
distillate at the top and water containing catalyst degradation products from the 
bottom, and whose separation efficiency is sufficient to take off methanol 
containing less than 100 ppm, preferably less than 30 ppm, in particular from 
about 5 to 15 ppm, of water at the top. 

B. A desalting apparatus consisting essentially of 

1 ) a rectification column which can be heated or cooled in zones if 
necessary, may be provided with separation plates whose separation efficiency 
is sufficient to take off methanol containing less than 1 00 ppm of water at the top 

2) a feed line, mounted in a suitable position, for methanol containing 
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residual catalyst and catalyst degradation product 

3) a feed line, mounted in a suitable position, for hot water and/or steam 

4) outlet lines for taking off distillate at the top and water containing catalyst 
degradation products from the bottom. 

9. A combination of a distillation apparatus B1 and the desalting apparatus of claim 
8 in which the methanol vapor leaving the top of the desalting apparatus Is 
conveyed via a connecting line or an equivalent integrated construction to the 
distillation apparatus as heat exchange medium. 
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AS ORIGINALLY FILED 



Continuous preparation of methyl formate 



The present invention relates to a process for preparing methyl formate, to an 
apparatus for carrying out this process and to methyl formate which has been pre- 
pared by this process and is to be used, in particular, for preparing formic acid. 



Methyl formate is used in industry predominantly for the preparation of formic 
acid and for this purpose is at present produced on a large scale by reaction of 
methanol with carbon monoxide in the presence of alkali metal alkoxide. However, 
the industrial implementation of this process suffers from problems which make 
the process inconvenient, unreliable and energy-consuming and thus considerably 
increase its costs. 

To seek to perfect the process for industrial-scale use, the technology for carrying 
out the process has developed in essentially two directions: one group of processes 
employs a very high CO pressure with the aim of obtaining very high 
concentrations of methyl formate in the output from tiie reactor, while another 
group of processes makes use of a relatively low CO pressure with the aim of 
obtaining a relatively low concentration of methyl formate in the reaction mixture 
so as to avoid formation of salt deposits in the reactors, on cooling surfaces and in 
valves to make trouble-free operation possible over a relatively long time. 
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DE-C-926 785 discloses a high-pressure process in which the reaction mixture is 
circulated and flows alternately through a reactor and a cooler. Fresh methanol and 
sodium methoxide dissolved therein as catalyst are fed to the top of the reactor, and 
the carbon monoxide or the gas mixture comprising carbon monoxide is injected 
5 under a pressure of 300 bar at the bottom of the reactor operating at from 80 to 
130°C. Part of the circulating reaction mixture is continuously discharged via a 
pressure chamber. The process is carried out using a low catalyst concentration of 
not more than 0.25% by weight of sodium (corresponding to 0.59% by weight of 
sodium methoxide) in order to keep salt deposits as small as possible and the 
10 reactor is stirred to keep the precipitated salts in suspension. 



A high outlay in terms of apparatus is required for carrying out this known process; 
in particular, stirring under the high pressure results in virtually insoluble 
engineering problems. Despite the high engineering outlay, it is not possible to 
15 prevent the difficulties associated with the formation of solid deposits Lq this 
process either. Trouble-free continuous operation of the process for acceptable 
periods of time is therefore not possible. For this reason, the production capacity 
achievable isx practice is unsatisfactory and the process as a whole is uneconomical. 



20 DE-C- 1046602 discloses a continuous, two-stage process for preparing methyl 
formate, in the first stage of which methanol is reacted in a jacket-cooled tube 
reactor to a conversion of from 70 to 75% with CO, which is fed into the tube 
reactor in substreams at a plurality of points, at from 60 to 140°C and a pressure of 
from 50 to 300 bar in turbulent flow in the presence of from 0.5 to 5% by weight of 

25 alkali metal alkanolate. The reaction mixture obtained in the first stage is then 
reacted with an excess of CO in an autoclave until a conversion to methyl formate 
of about 90%, based on methanol used, has been achieved. In this process, it is 
difScult to ensure the conditions required in the reactor, namely maintenance of a 
particular reaction temperature with simultaneous turbulent flow. In addition, 

30 industrial implementation of the process requires very difficult, very exact control 
of the cooling water temperature, the CO pressure and the flow velocity of the 
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reactants. In the second stage of the process, cooling is supposed to be achieved 
only by introduction of precooled carbon monoxide and/or by subcooling the 
reaction mixture coming from the first stage. Both measures require a high outlay 
in terms of apparatus if malfunctions caused by encrustation are to be prevented. 
Furthermore, it is necessary to use a particularly pure, if necessary prepurified CO 
in order to avoid precipitate formation and fouling of the cooling surfaces. 
Although a production capacity of 1674 kg/m /h has been derived purely 
mathematically in the working example, this process, too, could not be introduced 
for continuous production of methyl formate because of the high engineering 
outlay, the tremendous difficulties in setting and monitoring the process conditions 
and the remaining intrinsic risk of blockages. 

The applicants for this patent have made intensive efforts to overcome difficulties 
occurring in this process. These efforts have led to the process described in DE-C- 
1 147 214. Here, at least two substreams of carbon monoxide are fed at different 
levels into a tower-like reactor, so as to form different reaction zones in the reactor. 
In the first zone, about 75-85% of the methanol fed in, which contains from 0.12 to 
0.3 mol% of alkali metal methoxide, is converted into methyl formate under a CO 
pressure of from 150 to 200 bar at from 30 to lOO^C, and in the lower zones of the 
reactor the reaction is continued at from 40 to 60°C to a conversion of about 95%. 
The salt-Uke precipitates which are naturally formed in this process are supposed 
to be prevented from depositing on the plant components by a sudden change in 
the flow of the various CO substreams carried out at regular or irregular time 
intervals, with the total flow being kept constant, by ensuring sufficient flow 
velocities of the reaction mixture and by repeated sudden opening and closing of 
valves through which flow occurs. However, according to the working example, 
this process gives a production capacity of only about 440 kg/m^/h in a limited- 
term individual experiment. 

This process variant, too, requires a high outlay for monitoring and for the sudden 
changes in the CO streams and the valve control to be adapted to the operating 
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values. Despite this, deposits of catalyst and its decomposition products on plant 
components cannot be avoided over a prolonged operating time, which results in 
downtimes and a further reduction in the product capacity. 

In a further high-pressure process described in DE-A-195 06 555, methanol is 
reacted at from 50 to 150°C with CO under a pressure of from 210 to 250 bar in 
the presence of a relatively low catalyst concentration of from 0.05 to 0.2% by 
weight of alkali metal methoxide in a reactor or a reactor cascade. Rapid reaction is 
supposed to be achieved by particularly good dispersion of the carbon monoxide 
introduced in the reaction mixture, which is supposed to be achieved by blowing it 
in by means of a jet nozzle. The CO stream can be fed in as substreams and any 
reactor cascade used can have a temperature profile. The reaction mixture 
discharged from the reactor contains about 97% by weight of methyl formate and, 
according to the examples, the production capacity is from 530 to 960 kg/m^/h. 

Unreacted methanol is re-used after distillation of the reaction mixture. However, 
recirculation of the catalyst is not provided for, so that relatively large amounts of 
solid waste are formed after work-up of the crude product despite the low catalyst 
concentration. Furthermore, exploitation of the high conversion which is possible 
in principle involves an appreciable risk of deposition of encrustations in the plant, 
so that here, too, one has to expect plant downtimes which will drastically reduce 
the intrinsically good production capacities determined in individual experiments. 
In addition, the capital costs of the plant are high because of the high process 
presswes, so that the economics of the process are not fully satisfactory. 

The abovementioned high-pressure processes make it possible to achieve a high 
methanol and CO conversion, but lead to the engineering difficulties and economic 
disadvantages described, especially high capital costs and salt deposits in the plant 
components. 
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A process-engineering alternative to the high-pressure processes is provided by the 
low-pressure processes which operate at lower CO pressures of from about 10 to 
100 bar. These reaction conditions lead to a lower methanol conversion, but 
generally avoid precipitation of salts. Low-pressure processes are also known in 
various embodiments. 

German patent No. 863 046 discloses a process for the continuous preparation of 
methyl formate, an improved embodiment of which has been described in German 
patent No. 880 588. In this process, a solution of sodium alkanolate containing 
from 1 to 2.5% by weight of sodium (corresponding to from 2.3 to 5.9% by weight 
of sodium methoxide when using methanol) is reacted with carbon monoxide at 
from 85 to 90°C under a pressure of from 10 to 30 bar. In the process of German 
patent No. 863 046, the alkanolic sodium alkanolate solution and the carbon 
monoxide are passed once in countercurrent through the reactor, while in the 
improved process of DE-C-880 588 the reactants are circulated in cocurrent 
through the reactor. The reaction conditions temperature, flow velocity of the 
liquid phase and pressure are set so that at least that amount of alkanol required to 
keep the alkali metal alkanolates used as catalyst in solution remains unconverted. 
In the improved process, the methyl formate formed during passage through the 
reactor and excess methanol are discharged from the reactor togeflier with the CO 
stream in amounts corresponding to their equilibrium vapor pressiures. The flow of 
the CO stream should be set so that the methyl formate is removed as completely 
as possible from the system. The CO stream leaving the reactor is cooled to 
condense the entrained compounds methanol and methyl formate and the liquid 
mixture is discharged from the circuit. The cold carbon monoxide is then once 
more preheated to the reaction temperature and recirculated to the reactor. 

The methanol/methyl formate mixture obtained in this way contams from 38 to 
40% by weight of methanol. It is fractionally distilled and the methanol is likewise 
returned to the circuit. In the improved embodiment of the process as described in 
DE-C-880 588, a yield of only 3.1 kg of methyl formate is obtained per hour from 
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a reactor having a volxmie of 770 1, according to the data in the working example. 
This corresponds to a production capacity of only 4.0 kg/m^/h. A process having a 
production capacity as low as this is completely out of the question for production 
on an industrial scale. In addition, the xmusually high catalyst concentration is 
accompanied by considerable disadvantages: during the reaction, there is generally 
a progressive reduction in the catalyst activity because of the unavoidable 
formation of alkali metal formate. For this reason, part of the circulating, catalyst- 
containing methanol always has to be discharged and a corresponding amount of 
fresh catalyst solution has to be added. The energy consumption required in this 
process for cooling and reheating the circulating carbon monoxide and for 
distilling the dilute methyl formate is also not inconsiderable. 

German patent 22 43 811 discloses a process for the continuous preparation of 
methyl formate in which methanol is reacted in countercurrent with gases com- 
prising carbon monoxide at from 50 to 130°C in the presence of from 0.4 to 1.5% 
by weight of alkali metal methoxide in a column having flooded, preferably indivi- 
dually cooled trays. 

The CO partial pressure should be in the range from 40 to 150 bar and the 
residence time of the reactants in the column should be from 50 to 1500 seconds. 
The reaction mixture obtained at the bottom after passing through the column 
contains from 20 to 70% by weight of methyl formate. It is worked up by 
distillation. 

Apart from the high capital costs of the complicated column construction, a major 
disadvantage is that only a fraction of the components methanol and carbon mon- 
oxide fed in is consumed in the process and the high proportion of catalyst is 
poorly utilized. This leads to additional high costs which are increased further by 
the energy consumption for preheating the CO and for distillation of all the 
reaction mixture taken from the bottom of the column. Finally, there are technical 
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problems in disposing of the catalyst- and salt-containing residues jfrom the 
distillation. 

US-A-4 661 624 describes a process for preparing methyl formate, in which 
methanol is reacted witii CO at from 70 to 130°C under a pressure of from 5 to 70 
bar in the presence of from 1 to 8 mol% (based on the alcohol used, corresponding 
to from 1.7 to 13.5% by weight of sodium methoxide) of a sodium alkoxide 
catalyst. The process is controlled so that the conversion is restricted to from 2 to 
10% of the alcohol used, as a result of which salt deposits in the reactors are 
completely avoided but the content of methyl formate in the reaction product is 
only 1-19% by weight. The reaction mixture discharged is worked up by 
distillation, which requires an unjustifiably high amount of energy because of the 
low methyl formate content, even when utilizing the heat of reaction in an 
mtegrated heat system. The methanol obtained after the distillation together with 
the catalyst dissolved therein is returned to the process. However, due to the high 
concentration of active catalyst required, it is necessary to continually add 
relatively large amounts of fresh catalyst to the process. In addition, the utilization 
of the gas comprising carbon monoxide fed in is not satisfactory. 

DE-A-43 09 731 relates to a process for preparing methyl formate, in which 
methanol is partially reacted in a mixing zone with carbon monoxide or gases 
comprising carbon monoxide at from 60 to 100°C mder a pressure of from 10 to 
300 bar (in the working example, 57 bar) in the presence of from 0,4 to 1.5% by 
weight of alkaU metal methoxide. The mixture obtained there is saturated with CO 
and passed to an after-reaction zone where the reaction is completed without 
introduction of fiirther starting materials. In this process, too, only a low 
concentration of methyl formate in the reaction product is obtained, so that the 
energy balance for the process is unfavorable. 
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DE-C-27 10 726 discloses a process for preparing methyl formate in which a 
solution of from 0.2 to 2.5% by weight of an alkali metal methoxide or alkaline 
earth metal methoxide in methanol is circulated through a reactor in which the 
liquid phase is present in a lower section and whose upper part contains a gas 
phase containing from 20 to 100% by volume of carbon monoxide. The reaction is 
carried out at from 70 to 110°C and a pressure of from 20 to 110 bar. The 
methanolic catalyst solution is fed to the reactor using an apparatus (e.g. an 
impingement plate) which atomizes the liquid jet injected at high velocity in the 
gas phase, or which draws in gas from the gas phase and injects it as fine bubbles 
into the liquid phase (e.g. a Venturi tube). 

The liquid circuit contains a heat exchanger which allows precise setting of the 
temperature in the circulating liquid and a powerful pump which maintains the 
turbulent liquid flow. In operation, fresh methanolic methoxide solution is 
continuously fed to the reactor and a corresponding amount of the reaction mixture 
is discharged and has to be worked up by distillation. 

According to this document, it is advantageous for thermodynamic reasons to set 
the feed of starting materials and the discharge in such a way that the reaction 
mixture contains from about 44 to 65% by weight of methyl formate. If the 
formation of precipitates is accepted, a reactor output having a methyl formate 
content of 82% by weight can be obtained. Although such precipitates are 
supposed to be tolerable according to the document, this is based on only one 
individual experiment carried out over a limited time. In any case, such precipitates 
lead to increased abrasion of the high-throughput circulation pump and any 
impingement elements or Venturi tube used. Isolation of methyl formate from a 
mixture containing only from 44 to 65% by weight of this substance leads to high 
energy costs. High operating costs of the process also result from the high catalyst 
consumption caused by the high catalyst concentration (in 5 of 6 examples, 2.5% 
by weight) and from the expense of properly disposing of the distillation residue. A 
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further disadvantage of the process is that an increase in the methyl formate 
content of the reaction product causes a reduction in the production capacity. 

Various attempts have also been made to overcome the disadvantages and 
difficulties associated with the above-described known processes by means of 
routes other than those followed hitherto. 

Thus, prevention of precipitate formation and/or improvements in the production 
capacity by addition of complexing agents, in particular cyclic polyethers (EP-B-0 
048 891), of surface-active solubilizers such as alkali metal 
perfluoroalkanesulfonates (EP-B-0 596 483) or of inert, polar, aprotic solvents 
(EP-A-0 251 112) have been described. Other attempts comprise the addition of 
other catalysts such as amidine derivatives (EP-A-0 104 875) or of combinations of 
ammes with ethylene oxide. These processes all have the disadvantage that they 
introduce additional organic materials into the reaction mixtures and these mater- 
ials have to be disposed of after the work-up, which eliminates the benefits 
resulting from any yield improvements achieved. In addition, the purchase price of 
the proposed additives presents an insuperable obstacle to their industrial use. 

It has now surprisingly been found that methyl formate can be prepared in a 
trouble-free manner, in good yields and extremely inexpensively without 
complicated additives if the process described below is employed. 

The present invention provides a process for preparing methyl formate by reacting 
excess methanol with carbon monoxide under superatmospheric pressure and at 
elevated temperature in the presence of alkali metal methoxide or alkaline earth 
metal methoxide as catalyst in a pressure-rated reactor, separating the methyl 
formate formed from the reaction product and recircxilating the liquid phase which 
is essentially free of methyl formate to the reactor, with part of the liquid phase to 
be recirculated being discharged and fresh catalyst solution being fed in, wherein 
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the reaction is carried out in a cascade comprising at least two reactor elements 
at from 80 to 120°C, 

xmder a carbon monoxide pressure of from 90 to 180 bar, 

in the presence of from 0.05 to 0.5% by weight, based on the weight of the liquid 
feed, of an alkali metal alkoxide or alkaline earth metal alkoxide, 

the ratio of the amounts of starting materials fed in per unit time, the reaction 
temperature, the pressure and the residence time of the reactants in the reactor 
elements are set so that at least that amount of methanol required to keep both the 
catalyst used and its degradation products virtually completely dissolved under the 
reaction conditions in the reactor and in the fresh reaction product remains 
unreacted, 

the total output from the reactor is passed to a stripping apparatus in which 
essentially the methyl formate is stripped from the reaction mixture, 

a part TR of the remaining liquid phase is recirculated to the reactor and a part TA 
is discharged, with the TR:TA split controlled as a function of the alkali metal 
formate or alkaline earth metal formate content of the degassed reaction product so 
that solid precipitates of alkali metal salts or alkaline earth metal salts occur at no 
point in the process. 
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and residual catalyst and catalyst degradation products are removed solids-free 
from the discharged part in a desalting apparatus and the remaining methanol is 
retumed directly or indirectly to the reactor. 

The process of the present invention is advantageously carried out using from 2 to 
5, preferably from 2 to 4, cascaded reactor elements. The liquid phase of the reac- 
tion mixture, consisting essentially of methanol, methyl formate and dissolved 
active and consumed catalyst, can be passed through the reactor cascade in 
cocurrent or countercurrent to the gaseous phase consisting essentially of CO or 
the CO-containing gas mixture. Preference is given to countercurrent operation. 

The process of the present invention is preferably carried out at from 90 to 1 10°C. 
The preferred pressure range extends from 1 10 to 160 bar, in particular from 1 10 to 
140 bar. It is self-evident that the process could also be carried out at higher 
pressures, but this would result in one of the advantages of the process of the 
present invention being lost. 

The catalyst used in the process of the present invention is an alkali metal alkoxide 
or alkaline earth metal alkoxide, preferably a methoxide. Preference is given to 
alkali metal methoxides, in particular sodium methoxide and potassium methoxide, 
which can also be used in admixture with one another. Under particular process 
conditions, e.g. if higher than usual methyl formate concentrations occur in 
individual process stages, the use of potassium methoxide can bring advantages. 
Purely economic aspects, e.g. the cost and/or availability of catalyst substances, 
may also influence the decision in favor of one of the possible catalysts or in favor 
of the use of a combination of these. 

The catalyst used for the reaction is converted into catalytically inactive substances 
by unavoidable secondary reactions. Thus, traces of water form alkali metal 
hydroxide or alkaline earth metal hydroxide, traces of CO2 lead to the formation of 



- 12 - O.Z.0050/50505 

carbonates, reaction of the alkoxide with the methyl formate produced leads to 
alkali metal formate or alkaline earth metal formate and the direct reaction of alkali 
metal hydroxides and alkaline earth metal hydroxides with carbon monoxide also 
forms alkali metal formates or alkaline earth metal formates as by-product 

All the catalytically inactive products formed from the catalyst by secondary 
reactions will hereinafter be referred to all together as "consumed catalyst" or as 
"catalyst degradation products". 

The preferred catalyst concentration is from 0.1 to 0.3% by weight, for example 
0.2% by weight, based on the weight of the liquid feed. 

It has surprisingly been foimd that consumption of the catalyst by secondary 
reactions can be significantly reduced by the cascading of the reactor elements. 
This could be attributable to the fact that the cascading of the reactor elements 
largely suppresses backmixing of the reaction mixtures present in the individual 
reactor elements, which has the further advantageous consequence (which has 
apparently not been given any attention in conventional processes) that in the 
process of the present invention, in contrast to many conventional processes, a 
comparatively low methyl formate concentration prevails in the region where the 
catalyst is fed in. 

This gives the advantage that high, economically valuable conversions can be 
achieved despite low catalyst concentrations and that only relatively small amounts 
of consumed catalyst have to be removed from the process. 

Under the above-described reaction conditions, about 30% of the catalyst is 
consumed during a single pass of the reactants through the reactor and the 
downstream work-up elements. When assessing this percentage, it has to be noted 
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that the absolute value of catalyst consumption is decisive for the economics of the 
process. Owing to the low catalyst concentration required in the synthesis 
according to the present invention, this absolute value is considerably lower than in 
known processes. Naturally, an amount of methanolic solution of fresh catalyst 
corresponding to the amount of unconsumed and consumed catalyst discharged via 
the desalting stage has to be fed into the reactor. 

The make-up catalyst is fed in m the form of a 10-50% strength by weight (in this 
range as concentrated as possible), preferably from 20 to 40% strength by weight, 
for example 30% strength by weight, methanolic solution. 

The feed of the reactants to the synthesis reactor is advantageously regulated so 
that the molar ratio of methanol to carbon monoxide is from 3:1 to 0.5:1, 
preferably from 2: 1 to 1 : 1 . 

Furthermore, the flexibility of the process is increased if the gas is introduced 
either at the first reactor element or at the two first reactor elements of the reactor 
chain, with the amounts of gas fed to the individual elements being able to be 
varied as required in order to establish particular desired reaction conditions 
therein. 

The nvimbering of the reactor elements begins at that end of the .reactor chain at 
which the carbon monoxide (Figure, No. 5) is introduced and the reaction product 
(Figure, No. 6) is taken off. 

When carrying out the process of the present invention, it has been found to be 
particularly advantageous to set the reaction conditions in the reactor elements so 
that from 75 to 95%, preferably from 80 to 95%, of the heat of reaction is 
generated in the first of two subsections of the reaction path, and from 5 to 25%, 
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preferably from 5 to 15%, of the heat of reaction is generated in the second 
subsection. Here, the subsections, particularly the first subsection, can be made up 
of a plurality of reactor elements. The reaction is preferably carried out in three 
reactor elements and controlled so that from 35 to 50% of the heat of reaction is 
5 generated in each of the first and second elements and from 5 to 1 5% of the heat of 
reaction is generated in the third element. For example, 50%, 40% and 10% or 
46%, 46% and 8% of the heat of reaction can be liberated in the first, second and 
third reactor elements, respectively. 



I I 10 It is also possible to operate the reactor cascade so that the last reactor element in 
5=^=5 the chain is cooled only by the feed. 



fu 



It is particularly advantageous in terms of the economics of the process of the 
present invention to choose reaction conditions such that the reaction product 
15 comprises from 5 to 40% by weight, preferably from 10 to 25% by weight, of 
methanol and from 60 to 95% by weight, preferably from 75 to 90% by weight, of 
rixethyl formate together with consumed and unconsumed catalyst. 



Furthermore, it is extremely advantageous to match the introduction of reactants 
20 and the reaction conditions in such a way that from 90 to 99%, preferably from 95 
to 99%, of the carbon monoxide introduced is converted into methyl formate. 

< 

Carbon monoxide, methanol and catalyst are mixed in the reaction zone, and good 
dispersion of the gas makes a rapid reaction possible. For example, it is advantage- 

25 ous to introduce the gas into the reactor through a jet nozzle or to disperse it in the 
reactor by means of a suitable stirrer, e.g. a high-speed stirrer. Mixing by means of 
an external circuit for each reactor element is also advantageous. The carbon 
monoxide stream can be introduced at one point or into one reactor element, or as a 
plurality of substreams at various points of the reactor or into various reactor 

30 elements. 
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The synthesis of the methyl formate is followed in the process of the present 
invention by the solids-free work-up of the reaction mixture present in the reactor 
cascade. In principle, the work-up can be carried out under the pressure employed 
in the synthesis. However, it is much more advantageous, particularly with a view 
to the temperatures required for the work-up by distillation, to depressurize the 
reaction mixture to a pressure of from 5 to 25 bar, preferably from 10 to 20 bar, 
upstream of the stripping apparatus. To keep the circulating streams as small as 
possible and to avoid condensation in the compressor, the relatively small amount 
of released gas obtamed is cooled, preferably to about room temperature or 
ambient temperature, to condense entrained methanol and methyl formate, then 
advantageously all recycled to a point upstream of the CO compressor and once 
more fed to the synthesis. 

The total liquid phase of the reaction product remaining after depressurization, 
which consists of, for example, a mixture comprising about 75% by weight of 
methyl formate, just under 25% by weight of methanol and residual catalyst 
(decomposed and undecomposed) together with traces of dimethyl ether, carbon 
monoxide and further inerts, is subsequently treated in a distillation apparatus to 
vaporize the major part of the methyl formate. Naturally, a certain proportion of 
the methanol present in the reaction product is vaporized at the same time. For the 
vaporization of the methyl formate, the pressure over the reaction product is 
advantageously reduced further so that a pressure of from 1.2 to 2.5 bar, preferably 
from 1.5 to 2.0 bar, is established at the top of the distillation apparatus. At least 
part of the heat of vaporization required for the vaporization is generally present in 
the hot reaction product. The remainder is covered by direct heating of the 
distillation apparatus or by supply of heat transfer media. 

Depending on the desired purity of the methyl formate prepared, the reflux ratio in 
the distillation apparatus is set so that from 85 to 90% purity by weight methyl 
formate can be taken off at the top. 
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The part of the reaction mixture remaining after the methyl formate has been 
separated off consists essentially of methanol containing active and consumed 
catalyst. This solution is divided into a part TR which is recirculated straight back 
5 to the reactor cascade and a part TA which is discharged from the circuit. As 
mentioned above, the TR:TA split is controlled as a function of the alkali metal 
formate or alkaline earth metal formate content of the degassed reaction product, 
with the objective being to set the split so that solid precipitates of alkali metal 
salts or alkaline earth metal salts occur at no point in the process. This is achieved 

IM^ 10 by setting TR and TA so that the amount of deactivated catalyst leaving the 
process via the desalting apparatus corresponds to the amount which is consumed 

U in a single pass through the reactor and in the further process stages. Of course, 

iU some still-active catalyst goes to the desalting apparatus, so that this proportion 

Ji- leaves the process. 



H 



It is advantageous to control the split so that the alkali metal formate or alkaline 
earth metal formate content at the reactor outlet is from 0.05 to 0,5% by weight, 
preferably from 0.1 to 0.3% by weight. 



20 On the basis of experience, from 20 to 80% of the catalyst-containing methanol 
remaining after the methyl formate has been separated off is discharged to 
maintain constant operation of the synthesis. 



The disch^ged part TA of the methanol containing catalyst and catalyst 
25 degradation products is subsequently desalted in a solids-free maimer. For this 
purpose, sufficient steam and/or hot water and possibly additional heat are 
introduced into this liquid phase in the desalting apparatus for tiie methmiol to be 
essentially completely vaporized and for an aqueous solution of the catalyst 
degradation products to be obtained. The expression "catalyst degradation product" 
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here includes the alkali metal hydroxide or alkaline earth metal hydroxide formed 
from residual active catalyst and water. 



In this operation, the amount of steam and/or hot water is set so that the catalyst 
5 and its degradation products are reliably maintained in aqueous solution. In 
general, this condition is met when the concentration of catalyst degradation 
products in the aqueous output from the desalting apparatus is from 5 to 20% by 
weight, preferably from 6 to 12% by weight, for example 8% by weight. 



O 10 Preferably, steam at a pressure of from 2 to 6 bar, preferably from 3 to 5 bar, e.g. in 

|7| the form of direct steam, is fed to the desalting apparatus. 

m 

gi It is of particular economic interest to operate the desaltmg apparatus as part of an 

ik integrated heat system with the distillation apparatus, with the methanol vapor 

f ^ 15 leaving the top of the desahing apparatus being fed to the distillation apparatus. 



20 



In this case, particular advantages are obtained when the pressure at the top of the 
desalting apparatus is selected so that tiie vapor stream from the top of this 
apparatus can be fed directly to the distillation apparatus. 



The process used here for desalting methanol containing residual active catalyst 
and consumed catalyst in a solids free manner is likewise a subject matter of the 
present invention. The particular value of this part of the process is that it makes it 
possible to carry out the entire methyl formate synthesis without solids being 
25 present. 



Apart from the catalyst, the methanol consumed in the synthesis has to be fed to 
the reactor cascade. The methanol used in the process of the present invention is 
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chemical-grade or technical-grade methanol. It can also be recycled from other 
processes, e.g. the hydrolysis of methyl formate to formic acid and methanol. In 
order to ensure a very low catalyst consiimption, preference is given to using 
methanol whose water content is less than 100 ppm, preferably less than 30 ppm, 
in particular in the range from 5 to 15 ppm. 

For the same reason and to achieve a very high conversion of the reactants, it is 
advantageous to use carbon monoxide in the form of a gas mixture comprising 
carbon monoxide and having a CO content of from 45 to 100% by volxime, 
preferably from 70 to 100% by volume, in particular from 90 to 100% by volume. 
When using such gas mixtures, the total pressure is preferably set so that the 
carbon monoxide partial pressure is in the range from 90 to 1 80 bar. 

The CO-containing gas phase may comprise gases which are inert under the 
conditions of the synthesis, e.g. hydrogen, nitrogen, hydrocarbons. 

Under certain conditions, e.g. if the process of the present invention is operated as 
part of an integrated system with other processes or particularly favorable 
procurement conditions apply, it can also be economically advantageous to operate 
the process of the present invention using waste gas containing about 50% by 
volume of CO. Owing to the ability of the process to be adapted to changes in the 
process conditions, a good yield of methyl formate in any desired purity can also 
be achieved when using such a waste gas. Yields of methyl formate of over 90 
mol% and even over 95 mol%, based on CO used, are usually achieved by the 
process of tiie present invention. Based on methanol used, the yields are virtually 
100 mol% when using a CO-containing gas mixture containing a high percentage 
of CO or pure CO. 



- 19 - O.Z.0050/50505 

A further advantage of the process of the present invention is that the wastewater 
discharged from the desalting apparatus contains only from 15 to 30 ppm, 
generally about 20 ppm, of methanol, i.e. virtually no methanol. 

The cooler employed in the process is operated using river water and/or cold water. 

The process of the present invention makes it possible to achieve, at low catalyst 
concentrations and intermediate pressures, a high space-time yield of from 400 to 
over 1000 kg/m^/h at final methyl formate concentrations of over 80% by weight. 
The low catalyst concentration necessary helps to achieve a significant reduction in 
starting material costs, while the moderate synthesis pressure avoids the high 
capital costs for high-pressure plants. Furthermore, the process of the present 
invention allows the plant to be controlled so that no salt precipitates occur, as a 
result of which blockage problems are eliminated and the availability of the plant 
and thus the annual capacity is considerably increased. The methanol conversion is 
significantly higher than in the case of the typical low-pressure processes and the 
amount of methanol to be circulated is therefore also considerably smaller. The 
work-up of the present invention requires very little energy and nevertheless leads 
to a methyl formate whose concentration is so high that it can be used directly for 
fiirther reactions, e.g. hydrolysis to formic acid. 

A fiirther advantageous feature of the process of the present invention is its great 
ability to be adapted to changes in the reaction conditions which one wishes to 
make in order to set a particular desired qiiality of the end product. Furthermore, 
the process can also be carried out without disadvantages in one and the same 
apparatus using difierent catalysts, different amoimts of catalyst and different CO 
qualities depending on availability. A particular engineering advantage is the fact 
that the parameters of the process of the present invention can be varied within 
wide limits without resulting in precipitation of catalyst and catalyst degradation 
products, e.g. alkali metal formates or alkaline earth metal formates. For this 
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reason, no solid deposits are formed on the inner surfaces of the plant, in particular 
on the heat exchange surfaces, so that problems with controlling the temperature in 
the individual plant sections and with pipe blockages, as regularly occur in the case 
of known high-pressure processes, are completely avoided. 

The conversion in the reaction can be controlled both via the position of the 
thermodynamic equilibrium, which can be influenced by adjustment of pressure 
and temperature, and via the stoichiometry and/or residence time of the reactants in 
the reactor. High final conversions reduce the amounts of unconsumed starting 
materials which are obtained in the work-up and have to be recirculated to the 
reaction. CO conversions of from 90 to 99% of theory have been found to be 
useful. 

A further advantage of the process of the present invention is that, due to the high 
CO conversion in contrast to many known processes, either no recirculation of 
unreacted CO is necessary at all, which eliminates capital costs for compressors, 
or, if recirculation of the small amount of unreacted carbon monoxide is desired, 
this can be brought about using a minimum of compression work. 

The process of the present invention with its working pressure of from 90 to 160 
bar, which is considerably above that of present-day low-pressure processes, is an 
intermediate-pressure to high-pressure process according to current nomenclature. 
In known processes operating at above 100 bar, no catalyst is recirculated. The 
entire catalyst used is lost after a single pass through the reactor. A further 
compUcation occurring in known high-pressure and intermediate-pressure pro- 
cesses is the formation of methyl formate / methanol / salt suspensions from which 
the salts can be separated only by means of complicated solids handling. 

In the case of known low-pressure and intermediate-pressvire processes in which 
catalyst recirculation is necessary, the introduction of water into the circuit is 
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strictly avoided because the catalyst is destroyed by water. Since consumed 
catalyst has to be removed from the system in these processes too, it likewise has 
to be discharged in these cases by methods of solids handling technology, e.g. by 
filtration or centrifugation. 

It has now surprisingly been found that in the process of the present invention part 
of the unconsumed catalyst can be recycled without encrustations occurring in 
apparatus components, in particular on the heat exchangers. In addition, the 
process of the present invention completely avoids the technically complicated 
handling of solids since it has surprisingly been found to be possible to carry out 
this separation by purely thermal distillation means in a solids-free manner and to 
configure the process so that consumed catalyst is discharged as an aqueous 
solution and, despite the introduction of water, a substantial proportion of the 
unconsumed catalyst can be recirculated to the synthesis. 

The present invention further provides a plant for producing methyl formate by the 
above-described process of the present invention, comprising 

A) a synthesis group consisting essentially of 

Al) a reactor having at least two separately beatable and coolable reactor 
elements with feed lines for fresh methanol, recirculated catalyst-containing 
methanol for fresh methanolic catalyst solution and for a gas mixture 

comprising carbon monoxide, at least one outlet line each for the reaction 
product and residual gas, devices for generating and maintaining a fine 
dispersion of the gas stream in the liquid stream, and instrumentation for 
monitoring temperature and pressure. 
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A2) a depressurization apparatus provided with cooling elements for 
depressurizing the reaction product to the work-up pressure and provided 
with a feed line for the reaction product and outlet lines for residxjal gas and 
liquid phase, 

B) a work-up group consisting essentially of 

Bl) a distillation apparatus for separating essentially methyl formate from 
the liquid phase of the reaction product provided with a feed line for the 
liquid phase and outlet lines for essentially methyl formate and for 
remaining catalyst-containing methanol, 

B2) an adjustable stream divider for dividing the methanol stream 
containing residual catalyst and catalyst degradation products leaving the 
distillation apparatus into the substreams TR and TA, 

B3) a desalting apparatus which may be provided with heating and cooling 
elements and operates in a solids-free manner, provided with inlets for 
methanol containing residual catalyst and catalyst degradation products and 
for hot water or steam and outlets for methanol vapor and for aqueous salt 
solution, 

C) coimection lines and, if required, pumps for appropriate transport of 
reaction participants and products between the elements of the plant 
sections A and B and feed lines for starting materials and outlet lines for 
methyl formate and waste gas. 
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The figure shows, schematically and by way of example, the plant of the present 
invention for preparing methyl formate and the desalting apparatus of the present 
invention integrated therein. In a preferred embodiment, the desalting apparatus 
forms a directly integrated heat system with the distillation apparatus. 

Section A of the figure shows the synthesis group comprising a reactor (1) with 
three reactor elements and feed lines for fresh methanol (2), recirculated catalyst- 
containing methanol (3), for fi-esh methanolic catalyst solution (4) and for a gas 
mixture (5) comprising carbon monoxide, an outlet line each for the reaction 
product (6) and residual gas (7), devices for generating and maintaining a fine 
dispersion of the gas stream in the liquid stream (8) and a depressurization 
apparatus (10) provided with cooling elements (9) for depressurizing the reaction 
product to the work-up pressure, with a feed line (11) for the reaction product and 
outlet lines for residual gas (12) and liquid phase (13). 

Section B of the figure shows the work-up group comprising a distillation 
apparatus (14) for separating essentially methyl formate from the liquid phase of 
the reaction product, with a feed line (15) for the liquid phase and outlet lines for 
essentially methyl formate (16) and for remaining catalyst-containing methanol 
(17), an adjustable stream divider (18) for dividing the methanol stream containing 
residual catalyst and catalyst degradation products leaving the distillation apparatus 
into the substreams TR and TA, the solids-free desalting apparatus (19) with inlets 
for methanol (20) containing residual catalyst and catalyst degradation products 
and hot water or steam (21) and outlets for methanol vapor (22) and aqueous salt 
solution (23), a cooling apparatus (24) for the methyl formate coming from line 
(16) of the distillation apparatus (14) and outlets for the cooled methyl formate 
(25) and for residual gas (26). The figure also shows the pumps (27a and 27b) as 
auxiliary equipment. 
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The reactor elements can be constructed as vessels or tube reactors. It is not 
necessary for each reactor element to be configured as a single equipment item. 
Rather, it is possible to use any reactor construction which performs the function of 
a plurality of reactor elements connected in series. It is therefore readily possible to 
use an individual reactor which is divided into at least two, preferably fi"om 2 to 5, 
in particular firom 2 to 4, reaction zones by means of suitable internals. When 
reactor elements are referred to in the following, this term is intended also to 
include the reaction zones into which an individual reactor is divided. Conversely, 
the term "reaction zone" also encompasses single reactor elements. Such a reactor, 
too, can be constructed as a vessel or tube reactor. 

The reactor elements advantageously have their own, regulatable feed and outlet 
lines for reactants and products and, if appropriate, their own beatable or coolable 
external circuits. Furthermore, temperature and pressure of the reactor elements 
can be controlled individually. The cascade can have a temperature profile or else 
be operated at a uniform temperature. Reactors having intemal cooling systems or 
jacket cooling or an extemal circuit with heat exchangers can be used for the 
process of the present invention. 

These construction features which are advantageous for the plant of the present 
invention are expediently achieved when using a single reactor divided into zones. 

It is therefore usefiil to configure the reactor so that it can be heated and/or cooled 
in zones. 

Furthermore, such a single reactor advantageously has a plurality of feed lines for 
reactants and outlet lines for outlets distributed over its length and assigned to the 
individual reaction zones as well as, if appropriate, beatable and/or coolable 
extemal circuits assigned to the reaction zones. 
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The devices installed in the reactor or the reactor elements for finely dispersing the 
reactants are, for example, sieve trays, frits or jet nozzles. It is also advantageous 
for the reactor elements or the reactor divided into zones to have baffles and/or 
stirring devices. 

The distillation apparatus Bl of the production plant of the present invention has 
the function of distilling the methyl formate from the feed stream, i.e. separating it 
off by selective vaporization. To prepare a methyl formate suitable for formic acid 
production, a simple stripping column is generally satisfactory for the distillation 
task. However, it is also possible to provide the column with a rectification section 
so as to be able to take off a methyl formate sto-eam of high purity at the top. This 
column is then operated under reflux as a rectification coliimn. 

Such a column consists essentially of a tubular hollow body which is provided with 
separation plates, can if necessary be heated or cooled in zones and has an inlet for 
the degassed reaction product at a suitable position, outlets for takmg off the 
distillate at the top and methanol containing catalyst and catalyst degradation 
products at the bottom, and, if appropriate, further feed lines for liquid or gaseous 
heat transfer media. 

Use is advantageously made here of a colunm whose separation efficiency is 
sufficient to take off methyl formate of the required purity fi^om the degassed 
reaction product via the top. 

In general, the column is set up for recovery of 85-90% purity by weight methyl 
formate (remainder == methanol). The methyl formate formed is advantageously 
distilled off from the reaction mixture in a simple stripping column without 
separation plates so that a concentration increase from 70-80% by weight (the 
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concentration in the reaction mixture) to 85-90% by weight is achieved. This 
requires considerably less energy than distillation to give 95-97% purity methyl 
formate. Methyl formate prepared according to the present invention and having a 
purity ofj, for example, from 85 to 90% by weight has many industrial uses. In 
5 particular, it can be used directly for tiie hydrolysis to prepare formic acid. 



The desalting apparatus B3 consists essentially of a rectification column which can 
be heated or cooled in zones if necessary, may be provided with separation plates 
and is equipped in suitable positions with feed lines for methanol containing 
Cl 10 residual catalyst and catalyst degradation products and for hot water and/or steam, 
P outlet lines for taking off distillate at the top and water containing catalyst 

£ degradation products from the bottom. This rectification column needs to have a 

C separation efficiency which is sufficient to take off methanol containing less than 

Q ^ 

ffl 100 ppm, preferably less than 30 ppm, in particular from about 5 to 15 ppm, of 

Q 15 water at the top. In general, a simple stripping column is satisfactory for this 
purpose. 

ft 

The steam or hot water supplied to the desalting apparatus is introduced into the 
apparatus in or preferably below the region of the inlet for the methanol containing 
20 residual catalyst and catalyst degradation products, in particular in the bottom 
region. 



The methanol taken off at the top of the desalting apparatus can be condensed and 
either recirculated to the synthesis group or vaporized under such a pressure that it 
25 can be fed as gaseous heat transfer medium to the distillation apparatus. This 
would then require a fiirther vaporizer at the bottom of the distillation column. 
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However, it is particularly advantageous and economical to operate the distillation 
apparatus and the desalting apparatus as a directly integrated heat system by setting 
the pressure at the top of the desalting apparatus to a value which is sufficiently 
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high for the methanol vapor discharged therefrom to be introduced directly into the 
distillation apparatus as gaseous heat trmsfer medium. It is in principle also 
possible to combine, by means of an equivalent mtegrated construction, the 
distillation column and the desalting column into one column which is provided 
with side outlets and inlets for liquid phases. 

A further, particularly economical embodiment of the present invention is to 
operate the work-up equipment, in particular the desalting apparatus, using the heat 
from the reactor, if appropriate with installation of a heat pump. 

The present invention further provides the above-described solids-free desalting 
apparatus consisting essentially of a rectification column which can be heated or 
cooled in zones if necessary, may be provided with separation plates and has inlets 
for methanol containing residual catalyst and catalyst degradation products and for 
hot water and/or steam in suitable positions, outlets for taking off distillate at the 
top and water containing catalyst degradation products from the bottom, and whose 
separation efficiency is sufficient to take off methanol containing less than 100 
ppm, preferably less than 30 ppm, in particular from about 5 to 15 ppm, of water at 
the top. 

In a preferred embodiment, the steam or hot water supplied to the desalting 
apparatus is introduced into the apparatus in or preferably below the region of the 
inlet for the methanol containing residual catalyst and catalyst degradation 
products, in particular in the bottom region. 

The present invention further provides the above-described combination of 
distillation apparatus and desalting apparatus in which the methanol vapor leaving 
the top of the desalting apparatus is introduced as heat transfer medium into the 
distillation apparatus. The following examples illustrate the process of the present 
invention and the apparatus of the present invention used for carrying it out. 



-28- 



O.Z.0050/50505 



Example 1 

Three upright tube reactors each having a volume of 2 1 and each fitted with an 
external circuit with heat exchangers, feed lines for liquid phase and outlet lines for 
gas phase in the top region and outlet lines for liquid phase and jet nozzle inlets for 
gas phase in the bottom region were connected in series above one another so tiiat 
gas phase introduced at the bottom of the lowermost reactor can flow upward 
through all three reactors in succession and liquid phase fed in in the top region of 
the uppermost reactor can flow downward through all three reactors in succession. 

This synthesis arrangement was used to carry out 12 experiments in which 
methanol and catalyst in the form of a methanolic alkali metal methoxide solution 
were fed in at the top of the reactor cascade and CO was fed in from below via the 
jet nozzles. The feed flows are indicated in Table 1. The pressure and the 
temperature in the reactors were set to the values likewise shown in Table 1 . 

The product taken off at the bottom of the reactor cascade was depressurized in a 
depressurization apparatus to a pressure of 15 bar and the released gas obtained 
was cooled to room temperature in a two-stage cooler to condense gaseous 
entrained methanol and methyl formate. The remaining gas phase is recirculated to 
the reactor cascade, and the combined liquid phases were analyzed for methyl 
formate by gas chromatography and wet chemical analysis. 

The last 4 columns of Table 1 show the experimental results obtained. 

The abbreviations used in the table have the following meaning: 

STY is the production capacity, based on the total volume of all reactors used, 
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NaOMe is sodium methoxide, KOMe is potassium methoxide aad MeFo is methyl 
formate. 

The conversions reported are based on methanol used. 

To work up the reaction product further, it is fed to a simple stripping column in 
which the methyl formate is largely stripped out at a pressure of about 1.8 bar by 
means of methanol vapor fed into the column. 

The mixture of methanol and consumed and unconsumed catalyst taken off at the 
bottom of ttiis column is passed to a stream divider from which 1/3 of tiie mixture 
is recirculated to the reactor cascade and 2/3 is fed to the desalting column. In the 
desalting column, the catalyst- and salt-containing methanolic solution fed in is 
treated with 4 bar steam at an internal pressure of about 2 bar. The amount of 
steam fed in is set so that virtually water-free methanol vapor can be taken off at 
the top of the column. This methanol vapor is advantageously introduced directly 
as heat transfer medium into the distillation column. An aqueous alkali metal 
hydroxide and alkali metal formate solution is taken off at the bottom of the 
desalting colximn. 
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Example 2 

Two tube reactors having a length of 200 cm and an internal diameter of 4.5 cm 
(volume = 3.15 1) and provided with an internal heat exchange tube, inlets for 
liquid and gas phase in the bottom region and outlets for liquid and gas phase in 
the top region, with the inlets for the gas phase being configured as jet nozzles, 
were connected in series above one another in such a way that liquid phase and gas 
phase introduced at the bottom of the lowermost reactor can flow upward in 
cocurrent through all three reactors in succession. 

This synthesis arrangement was used to carry out 19 experiments in which 
methanol, catalyst in the form of a methanolic alkali metal methoxide solution and, 
through the jet nozzle, CO were fed from the bottom into the reactor cascade. The 
feed flows are indicated in Table 2, The pressure and the temperature in the 
reactors were set to the values likewise shown in Table 2. 

The last 4 coliimns of Table 2 show the experimental results obtained. 

The further work-up of the reaction product was carried out as described in 
Example 1. 
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We claim: 



1. A process for preparing methyl formate by reacting excess methanol with 
carbon monoxide under superatmospheric pressure and at elevated 
temperature in the presence of alkali metal methoxide or alkaline earth 
metal metiioxide as catalyst in a pressure-rated reactor, separating the 
10 methyl formate formed from the reaction product and recirculating tiie 

liquid phase which is essentially free of methyl formate to the reactor, with 
part of the liquid phase to be recirculated being discharged and fresh 
catalyst solution being fed in, wherein 

15 the reaction is carried out in a cascade comprising at least two reactor 

elements 

at from 80 to 120°C, 

under a carbon monoxide pressure of from 90 to 1 80 bar, 

in the presence of from 0.05 to 0.5% by weight, based on the weight of the 
20 liquid feed, of an alkali metal alkoxide or alkaline earth metal alkoxide, 

the ratio of the amounts of starting materials fed in per unit time, the 
reaction temperature, the pressure and the residence time of the reactants in 
the reactor elements are set so that at least that amount of methanol 
required to keep both the catalyst used and its degradation products 
25 virtually completely dissolved under the reaction conditions in the reactor 

and in the fresh reaction product remains unreacted. 



the total output from the reactor is passed to a shipping apparatus in which 
essentially the methyl formate is stripped from the reaction mixture. 
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a part TR of the remaining liquid phase is recirculated to the reactor and a 
part TA is discharged, with the TR:TA split controlled as a function of the 
alkali metal formate or alkaline earth metal formate content of the degassed 
reaction product so that solid precipitates of alkali metal salts or alkaline 
earth metal salts occur at no point in the process, 

and residual catalyst and catalyst degradation products are removed solids- 
free from the discharged part in a desalting apparatus and the remaining 
methanol is retumed directly or indirectly to the reactor. 

A process as claimed in claim 1 carried out using from 2 to 5 reactor 
elements. 

A process as claimed in claims 1 and 2, wherein steam and/or hot water 
and, if desired, additional heat are fed to the discharged part TA of the 
liquid phase remaining after separating off the methyl formate, consisting 
essentially of methanol containing catalyst and catalyst degradation 
products, in the desalting apparatus in such amounts that the methanol is 
essentially completely vaporized and an aqueous solution of the catalyst 
degradation products is obtained. 

A process as claimed in claims 1 to 3, wherein the desalting apparatus is 
operated as an integrated heat system with the distillation apparatus and the 
methanol vapor leaving the top of the desalting apparatus is fed to the 
distillation apparatus. 

A plant for producing methyl formate by the process of claim 1, comprising 
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A) a synthesis group consisting essentially of 

Al) a reactor having at least two separately heatable and coolable reactor 
elements with feed lines for fresh methanol, recirculated catalyst-containing 
methanol for fresh methanolic catalyst solution and for a gas mixture 
comprising carbon monoxide, at least one outlet line each for the reaction 
product and residual gas, devices for generating and maintaining a fine 
dispersion of the gas stream in the liquid stream, and instrumentation for 
monitoring temperature and pressure, 

A2) a depressurization apparatus provided with cooling elements for 
depressurizing the reaction product to the work-up pressure and provided 
with a feed line for the reaction product and outlet lines for residual gas and 
liquid phase, 

B) a work-up group consisting essentially of 

Bl) a distillation apparatus for separating essentially methyl formate from 
the liquid phase of the reaction product provided with a feed line for the 
liquid phase and outlet lines for essentially methyl formate and for 
remaining catalyst-containing methanol, 

B2) an adjustable stream divider for dividing the methanol stream 
containing residual catalyst and catalyst degradation products leaving the 
distillation apparatus into the substreams TR and TA, 
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B3) a desalting apparatus which may be provided with heating and cooling 
elements and operates in a solids-free manner, provided with inlets for 
methanol containing residual catalyst and catalyst degradation products and 
for hot water or steam and outlets for methanol vapor and for aqueous salt 
solution, 

C) connection lines and, if required, pumps for appropriate transport of 
reaction participants and products between the elements of the plant 
sections A and B and feed lines for starting materials and outlet lines for 
methyl formate and waste gas. 

A plant as claimed in claim 5, wherein the distillation apparatus Bl used is 
a column whose separation efficiency is sufficient for methyl formate of the 
required purity to be taken off from the degassed reaction product via the 
top. 

A plant as claimed in claims 5, 6 and 7, wherein the desalting apparatus B3 
consists essentially of a rectification column which can be heated or cooled 
in zones if necessary, may be provided with separation plates and is 
equipped in suitable positions with feed lines for methanol containing 
residual catalyst and catalyst degradation products and for hot water and/or 
steam, outlet lines for taking off distillate at the top and water containing 
catalyst degradation products from the bottom, and whose separation 
efficiency is sufficient to take off methanol containing less than 100 ppm, 
preferably less than 30 ppm, in particular from about 5 to 15 ppm, of water 
at the top. 
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A desalting apparatus consisting essentially of 1) a rectification column 
which can be heated or cooled in zones if necessary, maybe provided with 
separation plates whose separation efficiency is sufficient to take off 
methanol containing less than 100 ppm of water at the top, 2) which is 
equipped in suitable positions with a feed line for methanol containing 
residual catalyst and catalyst degradation products, 3) which is equipped 
with a feed line for hot water and/or ste^, and 4) outlet lines for taking off 
distillate at the top and water containing catalyst degradation products firom 
the bottom. 

A combmation of a distillation apparatus Bl and the desalting apparatus of 
claim 8 in which the methanol vapor leaving the top of the desalting 
apparatus is conveyed via a connecting line or an equivalent integrated 
construction to the distillation apparatus as heat exchange medium. 
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